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Synopsis
The overall reliability of a power transformer depends to a great extent on the sound
operation of the bushings thereof. In view of its overwhelming advantages, resin
impregnated paper (RIP) is acquiring prominence over conventional oil impregnated
paper (OIP) in transformer bushings. The main advantages of RIP bushings are
low dielectric loss and capability of positioning them at any desired angle over the
transformer. The RIP structure, being an all-solid system, is completely free from oil
phase.
The temperature rise in RIP bushings under normal operating conditions is seen
to be a diﬃcult parameter to control in view of the limited options for eﬀective
cooling. The degradation of dry-type insulation such as RIP is often due to thermal
and electrical stresses. The long time performance thereof, depends strongly, on
the maximum operating temperature. In order to be able to predict the regional
temperature, it is necessary to consider the thermal and electrical parameters of
insulation in question; and to identify and solve the governing equations under the
relevant boundary conditions.
Electrical failure of insulation is known to be an extremal random process wherein
nominally identical specimens of equipment insulation, at constant stress fails at
inordinately diﬀerent times. In order to be able to estimate the life of power equipment
like transformer bushing, it is necessary to run long duration ageing experiments
under accelerated stresses, to acquire and analyze insulation speciﬁc failure data. The
present work is an attempt to provide reliability and life estimation of High Voltage
RIP bushing insulation. The literature survey carried out in this view indicate that
investigation on thermal and electric ﬁeld distribution and the models for failure under
combined stress and analysis of the data so as to be able to estimate the possible life
of RIP bushing is scanty. Having these aspects in focus, the scope of the present work
is deﬁned as:
(i) Mapping of the temperature and electric ﬁeld distribution in the body of 400kV
RIP bushing
(ii) Deduction of parameters of the probabilistic models for the failure under elec-
trical and thermal ageing
(iii) Estimation of life based on diagnostic testing using PD
iii
ivSynopsis
With this in view, the temperature distribution in the body of a 400kV RIP bushing
is studied considering the heat generation both in central conductor and that in
the insulation. Presence of multiple materials with non-conﬁrming interfaces makes
analytical solution rather diﬃcult and hence numerical approach is adopted. In the
present work, vertex-centered Finite Volume Method (FVM) is employed for both
thermal and electrical analysis. The electric stress distribution is accurately evaluated
considering both the non-zero conductivity of the RIP material and the presence of
capacitive grading foils. These analysis has clearly shown that
• Stress grading foils uniforms the stress across the major portion of the bushing
insulation
• Enhancement of the electric conductivity by the temperature is not found to be
aﬀective in changing the electric ﬁeld distribution
• The temperature distribution is shown to have a maxima near the ﬂange due
to the inﬂuence of top oil temperature of the transformer
• Heat generated in the dielectric due to the prevailing electric stress is shown to
be insigniﬁcant. This ruled out the possibility of thermal runaway and hence
the dielectric temperature is within the safe working limits for the bushing
considered.
The deduction of physical models governing insulation failure depends on the nature
of stress. In this work, the insulation failure at constant accelerated stress has been
considered and the estimation of life is computed based on inverse power law coupled
with Arrhenius law. A high degree of scatter is generic to the experimental data
forming the ingredients to develop the models. In view of this, the concept of a
random process is invoked. Probabilistic models for the failure of RIP bushing under
synergy are adopted and an attempt is made to estimate the life. The well known
Weibull distribution and probability plotting of life data is used in this endeavor. The
maximum likelihood estimation is used to determine the scale and shape parameters
of the Weibull distribution.
In the diagnosis of the extent of degradation of insulation due to PD, under long
duration electric stress, a non-conventional voltage application method called the
classical stepped stress method is adopted. In this technique, the voltage is applied in
pre-determined steps over predetermined duration of time. The magnitude of voltage
steps is carefully computed based on Miners law and the end-of-life is computed using
inverse power law.
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In summary, this thesis work has contributed to the thermal and electrical degradation
of resin impregnated paper insulation for high voltage transformer bushing. The
thermal and electrical ﬁeld distributions computed in the body of bushing clearly
shown that these stresses are well within the limit, thereby ruling out the possibility
of a thermal runaway. Comparing the estimates of the most probable life of RIP,
based on several methods appears to show that any of the method can be adopted.
However, as matter of caution and safety, the lowest among them can be taken as a
reasonable estimate.
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